To assess the correlation between different pain symptoms and different domains of women's health-related quality of life (HRQoL).
Introduction
Evaluations of the actual impact of pelvic pain on women's mental health and health-related quality of life (HRQoL) have not yet provided simple and conclusive results [1] . Differences among results may be caused by individual variations in the subjective perception of pain, the nature and intensity of the pain, and associations among different pain symptoms [2] . Somatization, depression, sensitivity, and anxiety levels were higher in endometriosis patients than in controls, whereas chronic pelvic pain was only recently termed a functional soInterrelationships among endometriosis-related pain symptoms and their effects on health-related quality of life: a sectional observational study Marlon [3, 4] .
Deep infiltrating endometriosis (DIE) infiltrates multiple pelvic organs to levels deeper than 5 mm [5] . It is considered the most severe form of endometriosis and poses the most difficult therapeutic problems since the most effective measures must be identified to resolve the specific issues that are most important to patients [6] . In these cases, although effective medical therapies for controlling DIE exist, radical surgical excision of the lesions is usually necessary to improve patient symptoms and quality of life [7, 8] .
In general, the two pain symptoms most frequently associated with endometriosis are dysmenorrhea and deep dyspareunia, which may occur independently [9] . Patients with endometriosis report experiencing more pain during intercourse than control patients; the stimulation of pain fibers due to fibrotic traction and pressure from endometriotic nodules filled with fibrotic tissue may play a role in this pathogenesis [10, 11] . The considerable variability in patient descriptions of pain suggests that several different mechanisms are involved in endometriosis-related pain [12] . Although other conditions may impair sexual function, deep dyspareunia affects it severely, and findings of long-term follow-ups suggest that the surgical management of DIE in symptomatic patients can improve their sex lives [13] . Therefore, believing that endometriosisrelated pain negatively affects HRQoL across countries and ethnicities, women have frequently undergone medical and surgical treatments for endometriosis that focus on mitigating the principal pain symptoms [14] .
Quantitative approaches should ideally help physicians and patients discuss the potential benefits, risks, and costs of each treatment alternative [6] . Different tools have been used to assess and quantify HRQoL in women with endometriosis [15] . In the present study, we assessed the influence of different pain symptoms on different domains of women's quality of life using the validated full versions of both the Short Form 36 (SF36) and the Endometriosis Health Profile (EHP30) questionnaires in a sample of women with DIE.
Materials and methods
With the focus on surgical patient care, this cross-sectional pre-planned observational study (Canadian Task Force Classification II-2) preoperatively enrolled 77 consecutive Brazilian women with DIE who were admitted to the Crispi Institute for Minimally Invasive Surgery (Rio de Janeiro, RJ, Brazil) for surgical treatment. The consecutive cases were documented successively from June 2011 to August 2013 as the patients were being prepared to undergo laparoscopy for DIE due to pain and/or infertility.
We included only patients with DIE during menacme who were capable of completing the full SF36 and EHP30 HRQoL questionnaires (validated Brazilian versions). According to our service routine, the preoperative DIE diagnosis was based on three steps: medical history; physical examination; and magnetic resonance imaging (MRI), which has been a powerful and highly accurate tool for predicting the diagnosis of multiple sites of DIE [16] . This series included no women in whom the assessed pain symptoms were attributed to conditions other than endometriosis since the gold-standard diagnostic method (visual inspection by laparoscopy with histological confirmation) subsequently confirmed DIE in all patients. Endometriosis was considered histologically confirmed when endometrial glands and stroma were present upon microscopic examination.
As part of the basic medical history for evaluating women with endometriosis, we quantified the intensities of dysmenorrhea, deep dyspareunia, chronic pelvic pain, and menstrual and non-menstrual dyschezia using a 11-point visual analog scale (VAS: 0-10) according to Gerlinger et al. [17] . On this scale, a score of 0 represented no pain, whereas 10 represented the worst pain ever felt. This is the scale used most often to assess endometriosis-related pain [18] . Although several patients in the study may already have received some treatment for endometriosis (including ongoing hormonal treatment), this variable was not assessed.
Concerning HRQoL, the full validated Brazilian versions of two self-reported HRQoL questionnaires were applied: the SF36 (more general) and the EHP30 (focusing on endometriosis-related complaints). The SF36 and EHP30 questionnaires have been the most often used and most specific tools for assessing HRQoL in women with endometriosis [19, 20] .
Objectively, the SF36 includes 8 different domains that are quantified by a different number of specific questions: Vitality (VIT; 5 questions), Physical Functioning (PF; 10 questions), Bodily Pain (BPain; 2 questions), General Health Perception (GHP; 5 questions), Physical-Role Functioning (PRF; 4 questions), Emotional-Role Functioning (ERF; 3 questions), SocialRole Functioning (SRF; 2 questions), and Mental Health (MH; 5 questions) [19] . [20] .
Both questionnaires were originally standardized on a scale of 0-100. An SF36 scale score of 100 indicates the best health status, while 0 indicates the worst health status. Inversely, an EHP30 score of 0 indicates the best health status, while 100 indicates the worst health status.
Statistics
The pain scores were preliminarily considered in a hierarchical agglomerative clustering method using the average linkage between the groups to gather variables into homogeneous and distinct clusters (rather than observations) based on the squared Euclidean distance. Since the measures of distance depend on the units in which variables are measured and influenced by the variable that takes numerically higher values, the variables were standardized as z-scores and the result was summarized in a dendrogram. This combined exploratory multivariate strategy has been used to check for trends and confounding factors by considering multiple variables simultaneously [21] . The correlations among the scores were tested by bivariate non-parametric (Spearman) analysis.
The database was managed using Microsoft Office Access ® (version 2010; Microsoft Corp., Redmond, WA, USA). 
Results

Women with deep infiltrating endometriosis
The characteristics of the DIE sample including obstetrical , 0-8.6 ), unbearable non-menstrual dyschezia. About 7.0% of the women were completely asymptomatic, that is, showed VAS=0 on all assessed pain scales (95% CI, 1.4-14.1).
Interrelationships among endometriosis-related
pain symptoms When the intensity of the 5 main endometriosis-related symptoms (dysmenorrhea, deep dyspareunia, chronic pelvic pain, and menstrual and non-menstrual dyschezia) were combined in a multivariate analysis capable of identifying groups of correlated variables, dysmenorrhea showed the lowest similarity, that is, the most independent behavior. On the other hand, chronic pelvic pain and dyspareunia were the most similar. Af- Chronic pelvic pain defined as recurrent or constant pain in the lower abdominal region that has lasted for at least 6 months [22] . M: menstrual. Pain was quantified through a visual analogue scale (0-10). Non-parametric bivariate Spearman correlations expressed by coefficient of correlation and P values (between parentheses). Significant correlations (P<0.05) in bold. NM, non-menstrual. Fig. 1 . Dendrogram of hierarchical agglomerative clustering analysis using average linkage to group variables based on squared Euclidean distance (n=77). The ratio of the rescaled distances (z-score) is the same as the ratio of the original distances.
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ter considering all pain scores simultaneously, this exploratory approach suggests a quite complex relationship among them. A visual representation of the distance at which clusters are combined (dendrogram) is shown in Fig. 1 , and it suggests that dysmenorrhea is an independent symptom. The same understanding was reached by bivariate analysis. In the assessment of the correlation among the main endometriosis-related pain symptoms, dysmenorrhea showed no statistically significant correlation with the other symptoms ( Table 2 ).
Assessment of the health-related quality of life
An overview of the HRQoL domains of the SF36 and EHP30 full questionnaires is shown in Fig. 2 . The EHP30 optional supplementary module Relationship with Child/Children was not included in the study because it showed several missing values, mainly due to the prevalence of nulliparous status in the sample (62.2%; 95% CI, 52.2-76.1).
Dysmenorrhea and chronic pelvic pain were the main symptoms that correlated with all domains of the SF36 and EHP30 (core instrument) questionnaires. All symptoms (not only the significant ones) showed a negative correlation coefficient with the SF36 scores and a positive correlation with the EHP30 scores, which led to the same biological interpretation: the more intense the pain, the worse the quality of life (Table 3) .
Although the SF36 and EHP30 instruments have a specific domain that focuses on pain symptoms (Bodily Pain and SF36, Short Form 36 (100 is the best and 0 is the worst health status); EHP30, Endometriosis Health Profile (0 is the best and 100 is the worst health status).
Marlon de Freitas Fonseca, et al. Endometriosis, pain and quality of life
Pain, respectively), only the EHP30 questionnaire includes specific questions about dyspareunia. However, despite their different approaches, there was a significant negative (although moderate) correlation between the SF36 Bodily Pain and EHP30 Pain scores (ρ=−0.310; P=0.013), which supports the notion that both questionnaires evaluate pain, although differently.
Discussion
This cross-sectional pre-planned observational interdisciplinary study assessed the associations between the main endometriosis-related pain symptoms and HRQoL impairment.
Although recognizing the existence of variables other than pain, we identified dysmenorrhea and chronic pelvic pain as the most important pain symptoms affecting the women's quality of life. Furthermore, considering the simultaneous presence of different pain symptoms in women with DIE, our results suggest that dysmenorrhea occurs independently. The presence of dyspareunia has been an independent and significant negative predictor of sexual function, and women with dyspareunia have lower coital frequency, desire, and arousal. Women with dyspareunia experience orgasm less often, which has been correlated with a decrease in overall well-being [23] . However, despite this, dyspareunia was only one of many determinants of sexual function in women with endometriosis [24] . Indeed, concerning the correlations between deep dyspareunia and the HRQoL scores assessed in the present study, the conclusions were quite similar in both questionnaires: Deep dyspareunia was the less important symptom, even when the focus was placed on the sexual relationship, about which there are specific questions in the EHP30 (Table 3) .
Different investigators have emphasized that, although complete excision of the endometriosis seems to offer significant improvement in sexual function, quality of life, and pelvic pain in symptomatic patients with DIE, surgery may be associated with complications and adverse new-onset symptoms and should be performed only after thorough consultation with the patient [25] . The current options for treatment may themselves have undesirable consequences, such as major urinary and bowel complications after surgery [26, 27] . The present findings can help physicians discuss the possible interactions among the main endometriosis-associated symptoms and the differences in their impacts on HRQoL. Physicians and researchers must consider the differences between physicians' and patients' perceptions of endometriosis pain and that deep symptoms (i.e., dyspareunia) might be underreported by patients due to social and cultural constraints [12] . Moreover, one must be very cautious when interpreting/comparing HRQoL median (or mean) scores because endometriosis is an individual condition, as are treatment consequences.
Regarding limitations, this study may show a mathematical point of concern that is the nature of self-rating scores (particularly at one or both extremes of the scales); that is, whether it is a ratio or ordinal and is linear or nonlinear. This discussion (although not usual during medical meetings) has been reported by researchers with different points of view [28] . Therefore, in the present study, we used both ordinal (non-parametric correlation) and ratio (cluster analysis) methods to assess the variables to avoid this issue. Moreover, we did not develop predictive models; rather, we merely demonstrated different exploratory ways to confirm and compare the negative effects of pain on HRQoL, which pointed in the same direction regardless of the statistical approach.
Regarding the external validity of this study, we admit the possibility of some selection bias due to the characteristics of the sample, which includes specific racial aspects (75% white), prevalence of smoking habit (<16%), level of education (75% college graduates), and level of information about the disease (access to a specialized health unit with a multidisciplinary team of surgeons). Nevertheless, the study has strong positive points that must be considered since certain sources of measurement bias were minimized, such as: the sample included only accurately diagnosed cases of DIE; the HRQoL assessments were made through 2 different major questionnaires (SF36 and EHP30); and the data were collected before the patients had undergone surgery, that is, when the symptoms existed but the consequences (good or bad) of the treatment did not to avoid memory bias.
Some investigators have emphasized that the medical treatment of endometriosis with pain may be insufficient and psychological intervention may be required since depressive symptoms were independent and significant negative predictors of quality of life in patients with endometriosis [23] . Moreover, improving global sexual function, not just reducing pain during intercourse, should be considered a major clinical goal of endometriosis treatment [29] .
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Several studies have discussed the benefits of both medical and surgical treatments based on HRQoL questionnaire scores [30, 31] . The surgical excision of lesions is feasible and significantly improves the main symptoms and HRQoL, an effect that may persist for >4 years [2, 32] . Besides, pain symptoms have a significant impact on the physical and mental components of quality of life [33] . However, studies to date have not considered the very different domains of HRQoL assessed simultaneously by different questionnaires when evaluating women with endometriosis.
Our findings support the concept that the global sexual impact of endometriosis requires further investigation that focuses not only on pain during intercourse but also on psychological and relational dimensions, including the partner's sexual function [34] .
This study involved different specialists with the purpose of gaining a better understanding of the disease by strongly focusing on how different kinds of endometriosis-related pain may affect quality of life. This focus accords with those of recent recommendations about Research Priorities in Endometriosis, which have emphasized that the main goal should be to treat endometriosis-related pain and improve the HRQoL [35] .
